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Use of Current ISS Instrumentation Systems 

 ISS structures were certified for a 15-year life. 
 Zarya launched November 1998, over 15 years ago. 
 Structural life extension analysis has been performed to 

certify that ISS structures are good through 2020 and 
beyond. 
• Analysis has taken into account load cycles calculated from 

actual events vs the cycles assumed during design. 
• Re-constructing actual load cycles is performed using telemetry 

and data from the ISS. 
• Data/Sensor systems have been invaluable to allow proper 

loads reconstructions, especially for unexpected high-loading 
events. 

• Data/Sensor systems have been utilized to provide trending 
information for rotating joints, allowing for longer 
inspection/lube intervals. 

 Future space vehicles should incorporate smarter, smaller, 
and power efficient sensor systems: 
• Monitor structural dynamics and rotating joints, perform on-

board processing, alert crew real-time to any high loading 
events, store only the data ground needs to evaluate structure. 
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The ISS structures were certified with a 15-year life.  
Now that some elements of the ISS have been flying 
close to that mark, efforts have been spent to show 
that these structures will last at least through 2020 
and beyond.  However, this assumes a particular set of 
loading history and that no damage gets induced to 
the ISS either through over-loading the structure or 
through Micro-Meteroid Orbital Debris (MMOD).  The 
ISS Loads & Dynamics Team has been tracking loading 
history by using on-orbit data and vehicle telemetry to 
reconstruct load spectra to use for life assessments.  
This data has proven invaluable to provide the input to 
the analysis to prolong the certified life of the ISS 
structures.  Future vehicles should include such 
systems in their design, and automate some of the 
processes currently performed on the ground.  These 
systems should also alert the crew of any high 
dynamic loading as it is occurring to give the crew 
real-time feedback.  Also, there are currently no 
systems on the ISS that are monitoring for MMOD 
hits. Such a system could alert the ground of a hit, 
locate it, and provide a measure of its severity.  Such 
information could then be used to determine if a 
detailed inspection should be performed.  This could 
minimize the number of generic inspections 
performed and the scope of an individual inspection.  
For exploration missions, these systems need to be 
small, light-weight, and power efficient. 
 
Studor:    Why SHM of large arrays?  Confirm 

deployed stiffness/strength.  Monitor for damage:  

dynamic loads/fatigue, MMOD, thermal loads.  

Assess remaining strength - embedded actuators.  

Need to see schedule for getting inputs into 

Phase II of SAS contract requirements.  Need to 

assess what people are working on this. 

 

Ultrasonic transducers:  newer sensors have 

diagnostics.  PZT sensors:  monitor Lamb waves.  

60 - 70 KHZ for structure-born Lamb waves.  

Rayleigh waves are surface waves.  Can use 

accels measuring Rayleigh waves.  For use on 

mast need to understand joint dissipation 

properties:  from each element coming into a 

joint.  Best indicator of impact location used 

transmissibility between multiple sensors. 



Solar Array Mast Structural Health Monitoring 
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 MMOD shielding is designed into the ISS 
pressurized modules, but not for the truss and 
appendages. 
• US Photo-Voltaic (USPV) masts are designed to be 2-

fault tolerant, but inspections need to be performed to 
verify the 1st fault hasn’t occurred. 

• Current inspection requires crew time to take detailed 
photographs of mast on a periodic basis. 

 ISS USPV MMOD impact monitoring  
• Need a system that could be deployed robotically or via 

EVA that could monitor for MMOD impacts. 
• This could trigger a detailed inspection. 

 Future vehicles could incorporate this type of 
system in the design of the solar array support 
structure itself. 
• This could trigger a detailed inspection. 
• Monitor dynamic strain and accelerations to assess 

loading history and alert crew if arrays are 
experiencing high loads.   

• Monitor for MMOD impacts. 
• Structural health monitoring system would also 

include a means of locating and assessing damage. 
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Sample of Cycle Count Data over Months 

Sample of High Frequency Spectrogram 

over 10’s of seconds 

1st Global Mode Frequency tracked over Months 

(filtered .05-.15 Hz, largest amplitude per 39 second psd) 

Sample of Low Frequency Spectrogram 

over 8 Hours 


